Young adults with ADHD often gain less than expected from practice sessions well-29 suited for their peers. Here, we tested whether task-irrelevant, low-intensity vibratory 30 stimulation (VtSt), suggested to modulate motor learning, may compensate for such 31 learning deficits. Participants were given training, either with or without VtSt, on a 32 sequence of finger opposition movements. Under VtSt, typical individuals had 33 reduced overnight, consolidation phase, gains; performance partly recovering one 34
The evidence from skill acquisition studies in people with ADHD is equivocal; some 48 studies report deficits vis-à-vis typical controls 1-3 while in other tasks, participants 49 with ADHD were as effective learners as their typical peers 4,5 . Repeated task 50 performance is essential for the acquisition of daily and academic skills, but, long 51 repetitive practice can be sub-optimal in ADHD 2,6,7 , presumably due to difficulties in 52 sustaining attention 8 . Deficits in directing, focusing and maintaining attention 9 may 53 account for the increases in error rates in ADHD 1-3 . Nevertheless, the learning of an 54 implicit movement sequence (SRT task) in adults with ADHD was found intact 3 . In 55 explicit learning conditions, both the acquisition and the memory consolidation phase 56 after motor practice may be atypical in individuals with ADHD (smaller and/or slower 57 when compared to controls), however, clear practice related gains and effective 58 retention of the acquired skills were reported 1,10 . 59 60
Brain plasticity, the basis for skill and knowledge, is a highly controlled (selective) 61 process, mainly because of a consolidation phase, wherein structural modifications 62 occur at brain areas engaged in task performance and in circuits wherein the memory 63 was initially encoded during salient experiences 11 . In the context of skill (procedural, 64 'how to') learning, these processes are triggered by the learning experience, if 65 sufficient practice is afforded 12 . Once triggered, consolidation processes can proceed 66 'off-line', during both wakefulness and sleep, and culminate in the establishment of 67 new knowledge and its integration into previously existing knowledge 11, [13] [14] [15] . This is 68 reflected in behavior. Large gains in performance speed, with no loss of accuracy, 69 occur early in training, within session ('fast learning', novelty, phase) 15-17 . However, 70 additional robust gains in speed and accuracy can be expressed hours after the 71 termination of training, for example by 24 hours post-training. These delayed 72 (between-sessions, 'offline') gains in performance presumably reflect the latent 73 neuronal long-term memory consolidation processes 14, 15, [17] [18] [19] . The performance level 74 attained after the completion of the consolidation phase can be well retained for weeks 75 and months 15 . However, the triggering or completion of a consolidation phase may 76 fail; for example, in cases when practice is terminated too early 13,20 when interference 77 by subsequent experiences takes place 15,21 and by poor sleep 22 . 78 79
Most models of memory, at the level of brain mechanisms, focus on the neural events 80 directly (in a causal sense) mediating memory, e.g., synaptic consolidation, and the 81 anatomical locus of the 'memory trace' in relation to the learning experience 11, 23 . 82
There is, however, evidence indicating that the generation of long-term memory is 83 modulated and controlled by factors that relate to the background brain states during 84 and after the learning experience rather than to parameters intrinsic to the training 85 experience per se 24 . Thus, processes that are in a sense orthogonal to the actual 86 learning experience can nevertheless gate and determine long-term memory storage 25 . 87 Within training and post-training treatments, pharmacological and behavioral, were 88 shown to selectively enhance or impair memory storage in many learning tasks 15,26-28 . 89 For example, minor vibrotactile or vibroauditory stimulation afforded during training 90 may disrupt consolidation processes in healthy young adults 29 . Thus, the actual 91 learning experience, while obligatory, may not by itself suffice for establishing long-92 term memory; control mechanisms must be satisfied before learning can be 93 consolidated into long-term memory. 94 95 Recently, a number of non-pharmacological interventions to up-regulate skill learning 96 in ADHD were suggested. One line of evidence suggests that some of the relative 97 learning deficits in persons with ADHD, could be corrected when training was 98 shortened 1,2,6,30 presumably decreasing the burden of long repetitive practice on 99 mechanisms of sustained attention 8 . An additional line of evidence indicates that 100 motor training scheduled to evening hours can enhance off-line memory consolidation 101 (the expression of delayed learning gains) in young adults with ADHD and close their 102 learning gaps vis-à-vis typically developing adults 10 ; presumably because evening 103 hours are the optimum performance hours for evening-type individuals, a chronotype 104 characterizing many of the individuals with ADHD 31 . It was also shown that five 105 minutes of vigorous physical activity improve affect and executive functioning of 106 children with symptoms of ADHD 32 . 107 108
The beneficial effects of both time-of-day and physical activity may reflect an effect 109 of the general level of arousal during practice in the acquisition of skill in persons with 110 ADHD. Theoretical accounts of ADHD, such as the state regulation model 33 and dual-111 process models 34, 35 propose that the high within-subject fluctuations of cognitive 112 performance in ADHD may reflect problems in regulating arousal 36, 37 . An optimal 113 arousal level is considered a prerequisite for successful cognitive functioning, as both 114 too little or too much arousal can adversely affect task performance 38, 39 . Individuals 115
with ADHD tend to be under-aroused in "normal" performance 40,41 and learning 116 conditions 39,42,43 . 117 118
Arousal levels are affected by environmental noise 44 . Task-irrelevant sensory noise is  119 ubiquitous and is mostly considered detrimental and distractive 29,45 ; individuals with 120 ADHD can be even more prone to distraction than typical peers 46 . Nevertheless, 121
improvements in the performance of individuals with ADHD were reported in various 122 primary tasks when extra-task stimulation, such as auditory noise, was added (e.g., 47-123 50 ). These paradoxical effects are not well understood, but background sensory 124 stimulation was suggested to serve as a generator of increased arousal 39 or as a 125 compensatory input needed to upregulate a hypo-functioning dopaminergic system in 126 ADHD 51,52 . 127 128
The objective of the current study was to compare the immediate and long-term 129 effects of low-intensity, task-irrelevant 'noise' -vibro-tactile stimulation to the trunk 130 combined with acoustic vibration through earphones -afforded during the practice of 131 an instructed finger opposition sequence (FOS) in non-medicated young adults with 132 ADHD and their typical peers (without ADHD) ( Figure 1 Overall, there was a significant improvement in speed across the study period (4 time-176 points), in all four groups (F(3,183)=330.351, p<0.001, MSE=2930.21, η 2 =0.844) 177 (Figure 2a ). There was no significant group effect (p=0.465), but there was a trend 178 towards a significant interaction of time-point X group (F(9,183)=2.108, p=0.069, 179
MSE=16.579, η 2 =0.082). Post-hoc group comparisons showed that participants with 180 ADHD when trained without background stimulation (ADHDNoVtSt) gained 181 relatively less, overall, compared to the ADHDVtSt and the ContNoVtSt groups, 182 although their performance did not significantly differ from that of typical young 183 adults experiencing the background stimulation (ContVtSt) (Figure 2a Tests to assess the contributions of the 3 time intervals (acquisition; overnight 201 consolidation and 1-week retention) to the improvements in speed, showed that the 202 training session resulted in early (within-session) gains and in additional delayed 203 (post-training, time-dependent) gains in performance, across all groups (Figure 2a ). 204
The within-session gains were robust and similar across groups (acquisition interval: 205 F(1,61)=443.106, p<0.001, MSE=3579.40, η 2 =0.879) and there was no significant 206 group x time-point interaction (F(1,61)=1.252, p=0.299, MSE=10.117, η 2 =0.058). 207
The delayed, off-line, gains in performance were robust as well (consolidation 208
interval: F(1,61)=36.317, p<0.001, MSE=252.972, η 2 =0.373). However, there was a 209 significant group x time-point interaction during this phase (F(3,61)=3.221, p=0.029, 210
MSE=22.439, η 2 =0.137), reflecting a relative lag that developed by 24h post-training 211 in the ADHDNoVtSt group compared to the control participants trained with or 212 without the background stimulation; this lag was apparent also relative to the 213 participants with ADHD who were afforded VtSt during training (Figure 2) . The 214 gains in speed attained at the 24h post-training test were well maintained over the 1-215
week retention interval with small but significant further improvements (retention 216
interval: F(1,61)=10.374, p=0.002, MSE=47.624, η 2 =0.145). No significant group 217 effects (p=0.159) or a group X time-point interaction (F(1,61)=1.102, p=0.355, 218
MSE=5.059, η 2 =0.051)were observed. 219 220
On average the participants in all four groups tended to commit very few, if any, 221 errors (Figure 2c) . Nevertheless, absolute accuracy improved significantly across the 222 study period (F(3,183)=6.256, p<0.001, MSE=6.527, η 2 =0.093) i.e., the absolute 223 number of errors decreased in all 4 groups. Thus, there was no trade-off between the 224 improvements in speed and the number of errors committed. There was no significant 225 group effect (p=0.141) and no significant interaction of time-point X group (p=0.251). 226 227
The effects of VtSt, afforded during training, were further explored in participants 228 with ADHD. There were no significant differences in the initial performance (pre-229 test) of the two ADHD groups (t(31)=-0.633, p=0.532 and t(30)=-0.658, p=0.515; 230 speed and accuracy, respectively), and moreover both groups (ADHDNoVtSt, 231
ADHDVtSt) showed, across the 4 time-points, significant gains in speed (correct 232 sequences) and a decrease in errors (F(3,93)=141.318, p<0.001, MSE=1379.324, 233 η 2 =0.820; F(3,93)=2.651, p=0.053, MSE=2.516, η 2 =0.079, respectively) (Figure 3a) . 234 There was a trend towards a significant main effect of group for correct sequences 235 (F(1,31)=3.347, p=0.077, MSE=411.658, η 2 =0.0.97) but not for errors (p= 0.303). 236
There was also a trend towards a significant time-point X group interaction in speed 237 (F(3,93)=2.428, p=0.070; MSE=23.695, η 2 =0.073) but not for errors (p=0.114). 238 239
The two ADHD groups expressed similar gains across the training session. Both 240 groups improved in speed, with no costs in accuracy (speed: F(1,31)=243.870, 241
p<0.001, MSE=2021.758, η²=0.887; accuracy: p=0.259) and there were no significant 242 group effects (p=0.195; p=0.992, speed and accuracy, respectively). There was a trend 243 towards a significant group X time-points interaction for correct sequences, 244
(F(1,31)=3.323, p=0.078, MSE=26.329, η²= 0.097) (but not for errors, p=0.127) 245
reflecting the larger gains in performance rates in the ADHDVtSt compared to the 246 ADHDNoVtSt group (Figure 3a) . Figure 3a) . 270
271
The effects of adding the background sensory stimulation (VtSt), on the performance 272 of the trained movement sequence, were assessed during the 1-week retention test 273 (Figure 3a) . Similar analyses in participants without ADHD (Control groups), showed that the 297 affordance of VtSt during training had no effect on the immediate post training 298
performance, but resulted in relatively smaller gains in speed and accuracy expressed 299 during the overnight, 24 hours consolidation phase; in line with a previous study 29 . 300 Nevertheless, the gap between the two groups tended to close by 1 week post training 301 (Figure 3b ). There were no significant differences in initial performance (pre- for each of the study phases (acquisition, 24 hours consolidation, 1-week retention) 311
showed robust learning and no differences between groups during acquisition 312 (Supplementary Results) (Figure 3b) To enable a direct comparison between the gains of the ADHD and the no-ADHD 334 groups, data were normalized relative to the mean pre-test baseline performance of 335 each individual, yielding the relative improvements of each individual for the 336 acquisition, the overnight consolidation and the retention intervals (Figure 4) . There 337 were no significant differences in acquisition phase gains between the NoVtSt groups 338 (ContNoVtSt, ADHDNoVtSt; (t(30)=-0.156, p=0.649). However, the acquisition 339 gains in the 2 groups experiencing VtSt during training tended towards a significant 340 difference (t(31)=-1.796, p=0.080), with the ADHDVtSt group tending on average to 341 outperforming the ContVtSt group (Figure 4a) MSE=0.378, η 2 =0.113), but no significant interaction (p=0.541). Thus, after the 361 acquisition interval, if no VtSt was afforded, the Control and the ADHD groups had 362 similar learning curves, yet the gap (differential gains) accrued consolidation interval 363 was maintained (Figure 4a, upper panel) . Training with VtSt, however, resulted in a different pattern of results (Figure 4a,  382 lower panel). Overall, significant gains in performance in terms of speed (number of 383 correct sequences) normalized to pre-test performance, at the 3 time-points 384 (representing the 3 time-intervals: acquisition, consolidation, 1-week retention) were 385 observed for both groups (ADHDVtSt, ContVtSt), F(2,60)=20.276, p<0.001, 386
MSE=0.179, η 2 =0.395). There was no significant difference between the groups' 387 overall performance (p=0.135) and no interaction effects (p=0.491) were observed. 388
However, a comparison of 2 time-points (post-test and 24 hours consolidation, 389
representing the gains during the consolidation phase) showed that while both groups 390 (ContVtSt, ADHDVtSt) had significant gains (F(1,31 participants with ADHD benefitted from the addition of VtSt during the testing of 412 performance (Figure 4b) . Post-hoc one-sample two-tailed t-test analyses showed that 413 in both the ADHD groups, the mean additional gains in performance in the test blocks 414
wherein background VtSt was afforded, were significantly above zero (t(16)=2.744, 415 p=0.014; t(15)=2.695, p=0.017, ADHDVtSt and ADHDNoVtSt, respectively). 416
However, in both Control groups the mean contribution of the added VtSt to 417 performance was not significantly different from zero (t(15)=1.182, p=0.256; 418 t(15)=0.213, p=0.834,ContVtSt and ContNoVtSt, respectively). Thus, the participants 419 with ADHD also benefitted from the affordance of VtSt during performance testing, 420
irrespective of whether they were exposed to the VtSt during training on the 421 movement sequence a week earlier or not; no such group benefit was found in non-422 ADHD controls. 423 424
The groups' mean normalized gains in performance accrued during specific time 425
intervals along the course of learning the new motor sequence are presented in the 426 Figure 4c . Following the single training session, all groups improved by more than 427 50% relative to the pre-training performance baseline. But by the end of the study (as 428 expressed in the test session at 1 week post-training) whether participants were given 429 training with or without VtSt had a differential effect on the overall gains in 430 performance, depending on whether the trainees had ADHD symptoms or not. After 431 training with no VtSt, participants with ADHD showed an overall improvement of 432 performance speed (by 51.6%) but the gains were, on average, smaller than those 433 attained by their typical peers with no ADHD (overall improvement, 65.8%) who 434 trained in the same condition. However, VtSt during training (in an otherwise 435 identical protocol) benefited subsequent performance in participants with ADHD 436 (overall improvement, 64.5%) but was relatively detrimental for typical controls 437 (overall improvement, 54.1%) (Figure 4c) . 438 439
A performance advantage for the participants with ADHD symptoms was also 440 apparent, irrespective of how they were trained, when performance was tested in the 441 presence of VtSt (during the retention test). VtSt during the test boosted the 442 performance in the majority of the participants with ADHD (mean additional gain of 443 11.4% and 9.2% in ADHDVtSt and ADHDNoVtSt, respectively), while in typical 444 controls the mean effect was not significant (mean additional gain of 3.7% and 0.7% 445 in ContVtSt and ContNoVtSt, respectively). Note, however, that in both groups, there 446
were individuals that responded to the presence of the VtSt, either by boosting or by 447 degrading their speed of motor sequence performance (Figure 4b) . 448 449
Chronotype and Sleep data. 450
There was a trend towards a significant difference in the mean MEQ scores between 451 the ADHD and the control participants (Table 1) , with persons with ADHD more 452
inclined to be evening-oriented. This tendency was observed in spite of the fact that 453 extreme morning and evening chronotypes were excluded from the experiment. 454
Means of time-in-bed, sleep latency (time to fall asleep), total sleep time (minutes), 455 and sleep efficiency ((total sleep time/time in bed)*100) parameters were derived 456 from the actigraphy during the post-training night. These parameters were compared 457 across participants with and without ADHD using two-tailed independent sample t-458
tests. No significant differences were found between the ADHD and control 459 participants with the exception of sleep latency; participants with ADHD had a 460 marginally significant tendency to have longer sleep latencies ( In typical young adults minor task-irrelevant vibro-tactile stimulation afforded during 472 training on a novel sequence of movements can selectively impair off-line 473 consolidation processes and, as a result, decrease the long-term practice related gains 474 in performance 29 . Here we replicated this result, but, we also show that in the same 475 background sensory stimulation condition there was, paradoxically, a positive effect 476 on learning and the generation of long-term practice related gains, in young adults 477 with ADHD. Moreover, the current results demonstrate an experiential condition 478
wherein persons with ADHD have a clear advantage in skill acquisition and in 479 subsequent performance over their typical peers. 480 481
In line with previous studies 1,10,30 , participants with ADHD, who had practice without 482 sensory stimulation (NoVtSt), i.e., when training in standard, quiet, laboratory 483 conditions, showed, in comparison to their typical peers (without ADHD), less-than-484 expected overnight consolidation-phase gains in the performance of the trained 485 movement sequence. Participants with ADHD tended to underperform when tested 486 overnight and began to lag behind typical peers at later time-points, despite the fact 487 that both groups expressed equal within-session gains. However, the current results 488
show that an identical practice protocol, but with VtSt afforded in the background 489 throughout training, resulted in larger improvements in task performance within-490 session, as well as in robust overnight consolidation phase gains in persons with 491 ADHD. These gains were well retained and expressed in a re-test after a week-long 492 interval in which no additional training was afforded. Typical young adults, training 493
with VtSt, showed clear costs in terms of their ability to express overnight delayed 494 gains in performance as well as by the end of the study period. Moreover, by the end 495 of the study period, when performance was tested with VtSt afforded during the tests, 496 participants with ADHD were clearly helped; many of their typical peers were 497 hampered. Thus, training with background vibratory noise resulted in distinct and 498 opposing effects in young adults with and without ADHD; while the learning related 499 gains in performance tended to diminish in typical adults, participants with ADHD 500 became better learners, expressed larger consolidation phase gains and subsequently 501
outperformed their typical peers. The affordance of VtSt during the subsequent testing 502 of performance benefitted participants with ADHD but not their typical peers. 503 504
The addition of vibrotactile-auditory sensory stimulation (VtSt) had no effect on the 505 immediate post-training performance of the task by participants without ADHD. The 506 absence of adverse effects on performance and on the magnitude of 'online' learning 507
in typical participants suggests that the background stimulation was indeed 508 experienced as minimal and did not significantly avert attention from the task during 509 the training session. Participants in the ADHD group also showed no sign of being 510 distracted by the background stimulation; in fact the VtSt stimulation afforded during 511 practice turned the practice session into a more efficient learning experience for them. 512 513
Eveningness and sleep problems are common in adults with ADHD 31 . However, the 514 actigraphy data showed that in the current study the participants of the ADHD and the 515 Cont groups had, overall, similar sleep profiles in the post-training night, except for 516 the tendency of the ADHD participants to have longer sleep latency periods. The 517 similarity between groups in terms of sleep parameters was partly the result of the 518 screening procedure adopted, because extreme morning and evening chronotypes 519
were excluded from the experiment. As no differences were found between the typical 520 controls and the participants with ADHD, our results cannot be taken to reflect a bias 521 in sleep parameters. Note that all participants had relatively low sleep efficiency 522 (percentage of time in sleep relative to total time in bed). This is an increasingly 523 common finding in young adults and adolescents, attributed to the use of light-524 emitting devices at evening hours 54 . We also tested for a possible relationship 525 between the participants' chronotype and their learning abilities, given that training 526
and testing took place in the morning hours 31 . Evening oriented participants are more 527 likely to show lower arousal levels and lower cognitive performance 55 during the 528 morning hours compared to morning-oriented peers, and we conjectured that this may 529 lead to a less engaging learning experience and subsequently to the expression of 530 smaller delayed gains in performance. Indeed, the results showed that in the NoVtSt 531 groups, higher morningness correlated with larger consolidation phase gains 532 irrespective of whether participants had ADHD. Because of the differential effects of 533
VtSt in the 2 groups and the small number of individuals in each of the 2 VtSt groups, 534
correlation analyses with chronotype in these samples were not informative. 535 536
The impact of 'state' 33 (ongoing or background activity 56 ), and, specifically, levels of 537 arousal, prior to or during test or learning sessions is, in practice, an often neglected 538 factor in memory research. Even in standard laboratory training protocols an optimal 539 arousal state cannot be, but often is, assumed 10,33,57 . Moreover, individuals may differ 540
in the level of arousal optimal for enabling them to attain optimal performance 33 and, 541
as the Yerkes-Dodson model suggests, both too little or too much arousal can 542 adversely affect task performance 38 . Vibratory stimulation is considered an alerting 543 intervention, improving vigilance 58 and increasing skeletal muscle tone. In addition, 544 vibratory or auditory 59 stimulation can induce affective reactions 60 . Both the 545 enhancement or impairment of memory 25 have been shown to be modulated by 546 stress 61,62 depending on task and training conditions. Specific combination of 547 hippocampal activation during motor sequence practice session and of post-training 548 night sleep may be a pre-requisite for promoting the expression of delayed gains in 549 motor sequence task performance during the consolidation phase 63 . Thus, both 550 background conditions and the individuals 'state' during and after the performance of 551 a given task may affect (as "gating" factors) the acquisition and, importantly, the 552 consolidation of skills ('how to' knowledge) 10,29 . 553 554
In ADHD arousal regulation may be atypical and thus may constitute one of the 555 'core' characteristics of the condition 64 . Individuals with ADHD tend to be under-556 aroused 39, 42, 43 , and often experience difficulty in sustaining attention during repetitive 557 tasks 51 . The restless behaviour of individuals with ADHD has been interpreted as self-558 stimulation in order to raise their arousal level 50 and, consequently, performance. 559 560
In healthy adults vibratory stimulation was reported to neutrally or negatively affect 561 attention and cognition 65, 66 . In clinical populations, as in ADHD, background 562 stimulation, vibration or white auditory noise 50 have been proposed as means to 563 enhance attention, and benefit learning processes 67 , and were even suggested as an 564 adjunct in enhancing motor training 68 and rehabilitation 69 . The current results are in 565 line with and extend these notions. We propose that the observed benefits of VtSt to 566 participants with ADHD may relate to upregulated arousal due to the concurrent 567 sensory stimulation. Note, however, that in the presence of VtSt there were 568 individuals that benefited from stimulation, also among control participants; other 569 individuals were severely interfered by it. Thus, the individual's arousal state, as well 570
as sensory responsivity to vibratory stimulation, may be predisposing factors in 571 determining whether one would benefit or lose from the presence of background-572 environmental noise. 573
574
There is evidence that non-pharmacological interventions may up-regulate skill 575 learning in ADHD, with recent studies focusing specifically on motor learning. First, 576 some of the relative learning deficits in persons with ADHD could be corrected when 577
training was shortened 1,2,6,30 presumably by decreasing the burden of long repetitive 578 practice on mechanisms of sustained attention 8 . Second, motor training scheduled to 579 evening hours was found to enhance off-line memory consolidation in young adults 580 with ADHD and the learning gap vis-à-vis typically developing adults was closed 10 . 581
Evening hours are more suitable in terms of arousal levels for evening-type 582 individuals, such as many of the individuals with ADHD 31 . Related to this notion is 583 the finding that five minutes of vigorous physical activity can improve affect and 584 executive functioning of children with symptoms of ADHD 32 . 585 586
To conclude, our results suggest that: i) procedural memory acquisition and 587 consolidation processes are extant in young adults with ADHD and this potential can 588 be best unveiled in specific bio-behavioural conditions; ii) such bio-behavioural 589 conditions should be afforded during training to enhance learning in ADHD; iii) minor 590
background vibro-tactile stimulation may constitute an effective aid during procedural 591 learning in ADHD; in typical peers it may slow or dampen consolidation processes. 592
The current results also underscore the possibility that even temporary failures of 593 arousal in ADHD can result in long-lasting and accumulating deleterious effects. We 594 conjecture that many behavioural difficulties expressed in individuals with ADHD are 595 related to under-arousal and that these deficits can be compensated by manipulating 596 physical conditions so as to increase levels of arousal. From a different perspective, 597
our results suggest that ADHD can be considered a neuro-behavioural phenotype that 598 may confer advantages in performance, learning and skill memory consolidation in 599 'noisy' conditions that adversely affect typical non-ADHD peers. 600 601
Methods 602 603
The study was approved by the Human Experimentation Ethics committee of the In pilot experiments, a higher level of stimulus intensity (~65dB) was judged as 687 distracting by some of participants with no ADHD. Four participants with no ADHD 688
(not included in the main study) were interviewed as to the discomfort induced by 689
vibration stimulation at ~41dB. The level of vibratory stimulation was judged as 690 minimally uncomfortable and non-distracting in two conditions, stimulation provided 691 with and without the performance of the motor task. In addition, the recorded sound 692 resulting from the cushion's vibrations was played back through the headphones at 693
40dB. The participants in the NoVtSt condition were seated on the same cushion with 694 the current switched off. All auditory signals, the auditory cues for the initiation and 695 termination of each test and training block and the continuous auditory background 696 vibration sounded during the training blocks in the VtSt groups, were recorded and 697 provided using Audacity program (Ver 2.2, GNU General Public License). 698 699
Participants were instructed to concentrate on the motor training task to maintain 700 maximum accuracy in sequence execution irrespective of the presence of background 701 stimulation. At the end of each session participants were instructed not to repeat or 702 practice the movement sequence they were trained on between the meetings. 703 704
Participants wore an actiwatch (Actigraph Co.) for 24 hours, starting from the end of 705 the post-test to monitor sleep time, quality and length during the post-training night. 706
The data were analysed using the ActiLife 6 software. 707 708
Performance data were analysed from video recordings. Measures of speed (number 709 of correct sequences) and accuracy (number of errors) of performance at each 30-sec 710 test block were derived. Means of the performance in the 4 test-blocks at each of the 4 711 time-points (pre-test; post-test, 24h test, week retention test) as well as in the test at 712 1-week post-training with VtSt afforded, were calculated. In addition, normalized data 713 (relative improvement) for speed after the acquisition, the consolidation and the 714 retention intervals were calculated relative to the mean pre-test, baseline, performance 715 of each individual. Absolute and normalized speed and accuracy performance scores 716 were analysed separately. Independent samples, 2-tailed t-tests were used to compare 717
between the pre-test performance levels of the groups. Repeated measures analysis of 718 variance (rm-ANOVA) with the 4 time-points as a within-subject factor and group 719 (ADHDNoVtSt, ADHDVtSt, ContNoVtSt, ContVtSt) as a between-subjects factor 720 were conducted to assess the changes in performance across the study period. Post-721 hoc rm-ANOVAs comparing pairs of consecutive time points were conducted to test 722 performance changes across specific phases: acquisition (pre-test vs. post-test), 723 consolidation (post-test vs. 24h test) and retention (24h test vs. week). The affordance 724
of VtSt during the performance test was assessed using rm-ANOVAs with 2 test 725 conditions (with and without background VtSt) as a within-subject factor and group 726 (ContNoVtSt, ContVtSt) as a between subjects factor. 727 728
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